Despite the predominant role of thyrotropin measurements in the assessment of thyroid status, free thyroxine (FT 4 ) measurements remain useful either when thyrotropin determination is not conclusive or when a diagnosis of thyroid disease must be confirmed (1 ) . Because it represents only a minute fraction (0.02%) of total T 4 (TT 4 ), FT 4 is more difficult to measure (2 ) . Direct equilibrium dialysis (ED) methods are considered analytically accurate (3 ) and are the methods against which others are compared (4 ) . Compared with ED, other FT 4 immunoassays may show significant biases related to protein-bound T 4 or to the serum T 4 -binding capacity (sBC: concentration ϫ affinity of binding proteins) (4 -6 ) . We assume assays are calibrated to have roughly the same euthyroid range in samples with normal sBC, and we expect that markedly negative biases may be observed in samples with low sBC and that smaller positive biases may be observed in samples with high sBC (7 ) . The aim of our study was to determine, in clinical samples from euthyroid patients classified into three groups as a function of their low, normal, or high sBC, the bias between FT 4 measured with ED and that measured with nine frequently used immunoassays. We also studied the specificity of each assay method and the concordance of immunoassays with ED.
FT 4 was determined with the Nichols ED/RIA assay (Nichols Institute Diagnostics) and the following nine immunoassays: Elecsys (EL) from Roche Diagnostics, VI-DAS (VD) from bioMérieux, Vitros ECi (VT) from OrthoClinical Diagnostics, GammaCoat 2-step RIA (GC) from DiaSorin, Immulite (IM) from Diagnostic Products Corporation (DPC), Nichols Advantage (AD), AxSYM (AX) from Abbott Diagnostic, ACS (AC) from Bayer Diagnostics, and AIA (AI) from Tosoh Bioscience. All assays were performed in compliance with the manufacturers' instructions. The sBC was calculated by dividing the TT 4 concentration determined with the EL assay by the FT 4 Clinical Chemistry 49, No. 9, 2003 concentration determined by ED (8 ) . The sBC was further assessed by measuring the concentration of thyroxinebinding globulin (TBG), the main T 4 -carrier protein, with the Ria-gnost RIA from CIS bio international, and the EL T-Uptake (TU), which estimates the number of unoccupied serum protein binding sites. TU results are normalized and should be directly related to the sBC.
To study a wide range of sBCs, we selected sera from pregnant women in the last 3 months of pregnancy (n ϭ 29) and hospitalized patients (n ϭ 42). All patients were euthyroid, and none had been known to have patent thyroid dysfunction in the past. Except for one patient treated with heparin, none received a treatment known to interfere with the thyroid function or T 4 measurements. The sera were classified into three groups, high-, normal-, or low-sBC, depending on whether sBC results (TT 4 /ED FT 4 ), were above, within, or below the reference interval determined in ambulatory patients (4.2-8.5 nmol/pmol) (8 ) . All of the procedures that we followed were in accordance with the Helsinki Declaration of 1975 and the subsequent 1996 amendments. The patient sera were collected for routine analysis in tubes without anticoagulant, were kept frozen at Ϫ20°C, and were analyzed shortly after thawing.
The 29 sera from pregnant women were classified into the high-sBC group [mean (SD) sBC, 13.1 (2. The biases determined between each immunoassay and ED as a function of sBC are reported in Fig. 1 . In the normal-sBC group, we found no significant bias with the EL (mean, Ϫ1.1 pmol/L), AI (Ϫ0.9 pmol/L), VT (0.8 pmol/L), and GC (1.0 pmol/L) immunoassays (P Ͼ0.05, Wilcoxon test) and a modest but significant (P Ͻ0.01) negative bias with the AC (Ϫ2.5 pmol/L), IM (Ϫ2.9 pmol/L), AX (Ϫ3.2 pmol/L), VD (Ϫ3.3 pmol/L), and AD (Ϫ3.7 pmol/L) immunoassays. The bias was more marked when the sBC was in the lower part of the reference interval (4.2-5.0 nmol/pmol). In the high-sBC group, except with the VT and AC assays, which showed no bias, we observed significant but very modest biases, negative for AX (Ϫ0.8 pmol/L) and AD (Ϫ1.1 pmol/L), and positive for the EL (1.0 pmol/L), VD (1.1 pmol/L), GC (1.4 pmol/L), AI (1.5 pmol/L), and IM (1.7 pmol/L) assays. A moderate positive bias can be related to the high sBCs of these samples, but a negative bias was unexpected. In the low-sBC group, all methods showed a significant and marked negative bias increasing in the following order:
All patients of this study were considered as euthyroid, and their FT 4 results were expected to be within the reference interval. For each assay, the FT 4 range, number of decreased or increased results, and concordance with ED are reported in Table 1 . In the normal-sBC group, concordance with ED ranged between 59% (IM) and 96% (VT). GC, AI, and EL assays, for which no significant bias was evidenced, showed a poorer concordance than did AD and AC assays, which were significantly biased. These findings can be explained in terms of different calibrations. Except for the VT assay, all of the immunoassays yielded decreased FT 4 values for some of these sera despite sBCs within the reference interval. In the high-sBC group, with all immunoassays as well as with ED, irrespective of the bias, we found a high, method-dependent number of decreased results. In the low-sBC group, assays other than ED, VT, and AD yielded some decreased results.
In the normal-sBC group, the biases, when significant, were modest. This was expected because FT 4 assays are calibrated against the ED method, using sera samples from ambulatory patients with normal sBC. Except for the VT assay, however, we observed some decreased values, which lowered the concordance with ED. Therefore, the sera of not severely ill hospitalized patients with normal sBC should be included in the panel used to establish the reference interval. Alternatively, specific reference intervals for ambulatory and hospitalized individuals could be better suited. This applies in particular to methods yielding a not inconsiderable number of decreased values (i.e., IM, EL, VD, AI, and AX).
In the high-sBC group, the biases, when significant, were also modest. Contrary to previous reports (10, 11 ) , and yet in agreement with other observations (6, 8, (12) (13) (14) (15) , subnormal values, whether measured with ED or any other immunoassay FT 4 method, are not uncommon in the last months of pregnancy. Moreover, the maximum value was clearly and systematically below the upper limit found in nonpregnant women. These findings underline the absolute necessity to consider assay-specific FT 4 reference intervals for women in the last months of pregnancy, to be in a position to diagnose not only hypothyroidism but also hyperthyroidism in a reliable way and to adjust an appropriate T 4 treatment.
In the low-sBC group, we found a significant bias with all immunoassays, VT included, contrary to what has been reported previously (8 ) . This finding may be related to some very high ED results (up to 65.9 pmol/L). Extremely low doses of heparin release lipase activity into the plasma and can thereby cause artifactual increases of serum FT 4 concentrations as measured by ED (16 -19 ) . None of the patients in this group was known to be treated with heparin. In hospitalized patients, however, heparin is frequently used for multiple blood samplings. Except for the VT and AD FT 4 immunoassays, decreased values were also observed. Albumin, added to the assay ingredients to buffer the effects of increased amounts of nonesterified fatty acids that develop in serum in vitro, may have induced a negative bias (4, 20 ) . Contrary to VT reagents (21 ) , EL (19 ) and AX (4 ) reagents probably contain albumin. Our results confirm the great variability in FT 4 measurements in hospitalized patient sera with low sBC values (11, 19, 22 ) . As with ED, increased results may be observed, but contrary to ED, decreased values were yielded by most immunoassays. In these sera, some methods (ED, VT, GC) yielded preferentially increased results; others, such as IM and to a lesser extent VD, AX, EL, and AI, preferentially decreased results.
In conclusion, although methodologies have somewhat improved, as far as commonly used immunoassays are concerned, it remains absolutely necessary to consider the assay method to correctly interpret FT 4 results in pregnant women when these are decreased or lie in the upper zone of the reference interval for nonpregnant women. The same goes for hospitalized patients, regardless of whether increased or decreased results have been obtained. This implication is particularly important for sera with low sBC (severely ill patients) but also seems valid, at least as far as some immunoassays are concerned, for sera from hospitalized patients whose sBC lies in the lower part of reference interval. Clinicians should be aware of the method used to determine FT 4 
